ATaO 3 (A = Li, Na, K) compound oxides exhibit photocatalytic activity for the reduction of CO 2 in the presence of H 2 . Only CO gas was generated over all samples under photoirradiation. The photocatalytic activity was higher in the order corresponding to KTaO 3 , NaTaO 3 and LiTaO 3 (LiTaO 3 > NaTaO 3 > KTaO 3 ). The order of the photocatalytic activities was consistent with that of the E g (optical gap) values.
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Recently, many countries that have approved the ratification of the Kyoto Protocol are enforcing strict regulations on carbon dioxide (CO 2 ) emission to meet international environmental standards. These countries are reducing CO 2 emission in many different ways, for example, by storage in the ground and sea, absorption into various functionalized materials, and large-scale forestation. However, it is important to develop the technique to chemically convert CO 2 into harmless compounds or other chemical products in the future. Chemical fixation of CO 2 in the presence of a heterogeneous photocatalyst is a promising method for converting it into other carbon sources such as carbon monoxide (CO), formaldehyde (HCHO), formic acid (HCOOH), methanol (CH 3 OH), and methane (CH 4 ) [1] . In the 1980s, the effect of H 2 O as a reductant on heterogeneous photocatalysts used for the photocatalytic reduction of CO 2 attracted considerable interest [2, 3] .
We have found that CO is generated as a result of the photocatalytic reduction of CO 2 in the presence of H 2 or CH 4 as a reductant over ZrO 2 [4] [5] [6] [7] [8] [9] , Rh/TiO 2 [10, 11] , MgO [12, 13] , and Ga 2 O 3 [14] . With the exception of Rh/TiO 2 , these solid materials exhibit the properties of solid base catalysts; therefore, CO 2 can be adsorbed on the surface of these materials. We have insisted on the importance of CO 2 adsorption on the surface because this makes CO 2 , which is a stable and linear molecular, into an active species which provides abundant reactivity for the photocatalytic reduction of CO 2 . As mentioned above, it was reported that the photocatalytic reduction CO 2 in the presence of H 2 proceeds over many simple oxides such as ZrO 2 , MgO, and Ga 2 O 3 . However, there is no report that a compound oxide exhibits photocatalytic activity for the Teramura et al. Photocatalytic reduction of CO 2 over ATaO 3 5 / 21 reduction of CO 2 . In the field of water splitting, many compound oxides are known to function as an effective photocatalyst. Among them, Kudo et al. [15, 16] reported that La doped NaTaO 3 shows incredible photocatalytic activity for overall water splitting. In this study, we first found that ATaO 3 (A = Li, Na, K) as a compound oxide is a candidate of photocatalyst for the reduction of CO 2 . 
Experimental section

Results and Discussion
The prepared ATaO 3 (A = Li, Na, K) powders were qualitatively analyzed by some conventional method of analysis for a photocatalyst (XRD, SEM, and UV-Vis.
spectroscopy). Figure 1 shows the XRD patterns of ATaO 3 (A = Li, Na, K). The peak assigned to impurities did not appear in all XRD patterns. All of ATaO 3 Figure 5 shows the CO 2 -TPD spectra (m/z = 44) of ATaO 3 (A = Li, Na, K) after pretreatment at 673 K and CO 2 adsorption at room temperature. A broad peak was observed at 573 K in the case of LiTaO 3 , although there was no peak in the spectra of NaTaO 3 and KTaO 3 . It is known that Li 2 CO 3 is decomposed at 900 K (heat decomposition). In fact, we obtained the same result as the reference. Accordingly, the peak at 573 K is assigned to not decomposition of Li 2 CO 3 but desorption of a CO 2 molecule adsorbed on LiTaO 3 . The adsorption isotherm of CO 2 was observed after pretreatment at 673 K as shown in Figure 6a . After that, CO 2 was adsorbed on LiTaO 3 after evacuation at room temperature again as shown in Figure 6b . We have reported that MgO exhibits the best photocatalytic activity for the reduction of CO 2 in the presence of H 2 as a reductant under UV light irradiation. It is clarified that the photoactive site of MgO is compatible with the CO 2 adsorption site.
The amount of evolved CO gas over MgO (12.9 µmol·g -1 ) is thirty-first higher than that over LiTaO 3 (0.42 µmol·g -1 ) under 24 h of photoirradiation using the same light source.
On the other hand, amount of chemisorbed CO 2 gas over MgO (130 µmol·g -1 ) is enormous as compared to that on LiTaO 3 (0.75 µmol·g -1 ) [12, 13] . Accordingly, the photoactive site of LiTaO 3 would be able to reduce adsorbed CO 2 to CO under photoirradiation effectively. We speculate that a smooth charge separation in LiTaO 3 contributes to the effective photocatalytic reduction of CO 2 in the presence of H 2 .
Generally, the high crystallinity of photocatalyst is known to provide the smooth charge separation. In our case, the photocatalytic activity increased with increasing the calcination temperature of LiTaO 3 despite decreasing the specific surface area as shown in Figure 8 . The adsorption isotherms of CO 2 on LiTaO 3 (a) after pretreatment at 673 K, and then (b) after adsorption of CO 2 and evacuation at room temperature.
Figure 7
Amount of chemisorbed CO 2 on ATaO 3 (A = Li, Na, K). 
